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(54) HONEYCOMB STRUCTURAL BODY, HONEYCOMB FILTER, AND METHOD OF 
MANUFACTURING THE STRUCTURAL BODY AND THE FILTER 



(57) There is disclosed a honeycomb structural 
body (1) comprising: a plurality of through channels (3) 
formed by a plurality of partition walls (2) in an axial di- 
rection. The honeycomb structural body (1 ) is constitut- 
ed of a plurality of honeycomb sections (10, 11) formed 
of materials having different characteristics, and the plu- 
rality of honeycomb sections (10, 11) are directly bond- 



ed to and Integrated with one another. According to the 
structure of this honeycomb structural body, different 
high performances can be fulfilled in accordance v/ith 
requests for each honeycomb section. Additionally, 
there is not any local stress concentration by shape mis- 
match of each honeycomb section or presence of a 
bond material, and reliability at the time of use, and the 
like can be enhanced. 
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Description 

Technical Field 

[0001] The present invention relates to a honeycomb 
structural body, more particularly to a honeycomb struc- 
tural body including a plurality of functions which differ 
with each specific portion, especially to a honeycomb 
structural body suitable for an exhaust gas purification 
system, a heat exchanger, a solid electrolytic battery, a 
thermoacoustic engine of an acoustic wave cooling ap- 
paratus, and the like. 

Background Art 

[0002] With respect to exhaust gas purification 
means, various attempts have heretofore been made as 
follows: 

® exhaust gas purification means for using a cat- 
alytic body carrying a metal having a catalytic func- 
tion in partition walls of a honeycomb structural 
body to decompose components such as hydrocar- 
bon, carbon monoxide, and nitrogen oxides in ex- 
haust gas by oxidation-reduction reaction; 
© exhaust gas purification means for trapping and 
removing particulate materials In the exhaust gas 
by the partition walls in a structure in which the par- 
tition walls of the honeycomb structural body are 
constituted of porous materials, predetermined 
through channels are plugged at one end of through 
channels fomned by the partition walls, and the re- 
maining through channels are plugged at the other 
end; and 

(D exhaust gas purification means for adsorbing/ 
removing hydrocarbon components in exhaust gas 
by adsorption layers which are formed of zeolite, ac- 
tivated carbon, and the like and which are disposed 
on the partition walls of the honeycomb structural 
body. 

[0003] Moreover, in recent years, as exhaust gas reg- 
ulation is strengthened, there has been a demand for a 
higher purification performance, and an exhaust gas pu- 
rification system by a combination of the above-de- 
scribed different exhaust gas purification means has 
been developed as one of the attempts which meet the 
demand. 

[0004] For example, in J P-A-7-232084, a honeycomb 
structural body has been disclosed in which a columnar 
honeycomb structural body is bonded to a hollow cylin- 
drical honeycomb structural body via a low-thermal ex- 
pansion ceramic bond material and the honeycomb 
structural bodies have different partition wall thickness- 
es and cell densities. 

[0005] However, in this honeycomb structural body, it 
has been necessary to separately manufacture the re- 
spective honeycomb structural bodies so that shapes of 



both the bodies are precisely matched with each other. 
.This complicates manufacturing steps and increases 
manufacturing costs, and looseness, disengagement, 
and the like of a bonded portion caused by mismatch 
5 between both the shapes have easily occurred. 

[0006] Moreover, in the honeycomb structural body, 
stress is easily concentrated on the bonded portion, and 
there has been a problem that the looseness, disen- 
gagement, and the like of the bonded portion are easily 
10 caused by mechanical and thermal shocks during trans- 
port between the steps, or coating of the catalyst or an 
absorbent material, canning or actual using, and the 
like. 

[0007] On the other hand, In WO01/04466, a honey- 
comb structural body has been disclosed in which a cat- 
alytic body is directly integrated with a filter. 
[0008] However, in this honeycomb structural body, a 
technique of simultaneously and integrally manufactur- 
ing bodies of materials having different characteristics 
has not heretofore been developed with respect to a ce- 
ramic honeycomb structural body. For this and another 
reasons, although perfomiances required by the cata- 
lytic body and the filter are largely different from each 
other, the whole honeycomb structural body is constitut- 
ed of the materials having the same characteristics, and 
original perf omnances demanded for the catalytic body 
and filter cannot sufficiently be fulfilled. 
[0009] Moreover, in the same publication, an exhaust 
gas purification apparatus is disclosed including: the 
honeycomb structural body in which the catalytic body 
is formed integrally with the filter; and a metal case In 
which the honeycomb structural body is held and which 
includes an exhaust gas introductory tube abutting on a 
portion of the catalytic body of the honeycomb structural 
body. 

[001 0] However, in this exhaust gas purification appa- 
ratus, a honeycomb section which is a portion allowed 
to function as the catalytic body is allowed to abut on 
the introductory tube for introducing the exhaust gas so 
as to secure a path of the exhaust gas, but the end of 
the honeycomb structural body allowed to abut on the 
introductory tube Is flat. Therefore, when the end of the 
honeycomb structural body is continuously loaded with 
large themnal shock and vibration, the exhaust gas leaks 
out of a desired path via a gap between the introductory 
tube and the end, and a sufficiently purification perform- 
ance cannot sometimes be obtained. 

Disclosure of the Invention 

[0011] The present Invention has been developed in 
consideration of the above-described problems, and a 
first object is to provide a honeycomb structural body 
which can fulfill a different high performance as required 
for each honeycomb section and in which there is not 
concentration of local stress by shape mismatch of the 
respective honeycomb sections or presence of a bond 
material and which is high in reliability at the time of use, 
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and the like. 

[0012] Moreover, a second object of the present in- 
vention is to provide a honeycomb structural body which 
has a plurality of functions different with each specific 
portion and in which fluids such as exhaust gas can be 
charged into each specific portion of the honeycomb 
structural body without being allowed to leak via a path 
other than a desired path even by use for a long time 
and which can fulfil! a high exhaust gas purification per- 
formance, and a canning structural body using the hon- 
eycomb structural body. 

[0013] Furthermore, a third object of the present in- 
vention is to provide a manufacturing method in which 
the honeycomb structural body having the above-de- 
scribed superior characteristics can be manufactured by 
easy and secure steps at low cost. 
[001 4] The present inventor has carried out intensive 
studies so as to achieve these objects. Puddles formed 
of materials having different characteristics after fired 
are simultaneously extruded to mold the honeycomb 
structural body. Accordingly, honeycomb sections hav- 
ing different functions are constituted of materials hav- 
ing different characteristics in accordance with desired 
performances to obtain the honeycomb structural body 
in which the respective honeycomb sections are directly 
bonded to one another not via bond materials. Accord- 
ing to the honeycomb structural body and a method of 
manufacturing the body, the above-described first and 
third objects can be achieved. Such findings have been 
reached and the present invention has been completed. 
Moreover, the present inventor has found that the sec- 
ondrobject can be achieved, when a concave or convex 
structure is disposed in at least one end including a 
through channel of the honeycomb structural body and 
an exhaust tube is disposed in a portion of the end in- 
cluding the convex or concave structure, and has com- 
pleted the present Invention. 

[0015] That Is, according to the present invention, 
there is provided a honeycomb structural body compris- 
ing: a plurality of through channels fomned by a plurality 
of partition walls in an axial direction, characterized In 
that the honeycomb structural body is constituted of a 
plurality of honeycomb sections formed of materials 
having different characteristics, and the plurality of hon- 
eycomb sections are directly bonded to and integrated 
with one another. 

[001 6] In the present invention, the plurality of honey- 
comb sections fomned of the materials which have dif- 
ferent characteristics are preferably constituted of first 
honeycomb sections disposed in a middle region includ- 
ing a center axis of the honeycomb structural body and 
second honeycomb sections disposed in an outer pe- 
ripheral region which surrounds the middle region and 
which is disposed adjacent to the middle region. 
[001 7] Moreover, in the present invention, the plurality 
of honeycomb sections are preferably constituted of ma- 
terials which are different from one another in at least 
one of porosity, average pore diameter, and water ab- 



sorption. In this case, for the material constituting each 
honeycomb section, the porosity is preferably 5 to 80%, 
the average pore diameter is preferably 0.5 to 1 00 |im, 
and the water absorption is preferably 1 to 95%. 

5 [0018] Furthermore, in the present invention, further 
the honeycomb structural body is preferably constituted 
of a plurality of honeycomb sections which are different 
from one another in at least one of cell structures such 
as cell density, partition wall thickness, and sectional 

"io shape in the through channels in a diametric direction. 
In this case, the plurality of honeycomb sections differ- 
ent in the cell structure are preferably disposed substan- 
tially facing to the plurality of honeycomb sections 
formed of the materials having different characteristics. 

15 [0019] Additionally, the plurality of honeycomb sec- 
tions different in the cell structure preferably have a cell 
density of 0.155 to 3.101 cells/mmS (100 to 2000 cells/ 
square inch), and preferably have a partition wall thick- 
ness of 25 to 500 jim. 

20 [0020] Moreover, for the honeycomb structural body 
in the present invention, a convex or concave structure 
is preferably disposed in at least one end through which 
the through channel extends. 

[0021] Furthermore, the convex or concave structure 
25 is preferably disposed In an outer peripheral portion or 
a middle portion of at least one end through which the 
through channel extends. 

[0022] Additionally, the end including the convex 
structure has a step of 2 mm or more, and the step pref- 

30 erably has a size which Is not more than a diameter in 
a root position of the convex structure. The end inclu ding 
the concave structure has a step of 2 mm or more, and 
the step preferably has a size which is not more than an 
inner diameter in a bottom position of the concave struc- 

35 ture. 

[0023] Moreover, examples of the shape of the con- 
vex or concave structure include a prismatic shape, a 
columnar shape, a tapered shape, and the like. In the 
convex structure having the tapered shape, a tip end 

40 preferably has a planar portion. In the concave structure 
having the tapered shape, a bottom portion preferably 
has the planar portion. The convex or concave structure 
having the tapered shape may be disposed in one end 
through which the through channel extends, and the 

45 convex or concave structure having the same diametri- 
cally sectional shape in an axial direction, such as the 
prismatic shape and the columnar shape, may also be 
disposed in the other end through which the through 
channel extends. 

50 [0024] In the present invention, an outer peripheral 
side surface of the convex structure disposed in the end, 
or an inner peripheral side surface of the concave struc- 
ture disposed in the end is preferably coated with a ce- 
ramic material. 

55 [0025] Moreover, in the present invention, the convex 
or concave structure disposed In the end is preferably 

disposed facing to each honeycomb section constituted 
of the materials having different characteristics. 
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[0026] In the present invention, the examples of the 
material constituting the plurality of honeycomb sections 
include at least one selected from a group consisting ot 
cordierite, silicon carbide, silicon nitride, alumina, mul- 
llte, lithium aluminum silicate, aluminum titanate. and 
zirconia. 

[0027] Moreover, in the present invention, for some of 
the plurality of honeycomb sections, the partition walls 
may carry metals having catalytic capabilities, or the 
partition walls may include adsorption layers which ad- 
sorb hydrocarbon. Some of the plurality of honeycomb 
sections may be constituted of the partition walls having 
filter capabilities. For the through channels formed by 
the partition walls having the filter capabilities, in oppo- 
site ends through which the through channels extend, 
predetermined through channels are plugged at one 
end, and the remaining through channels are plugged 
at the other end. The honeycomb structural body may 
also be used as a filter for trapping and removing par- 
ticulate nnaterials included in a dust-containing fluid. 
[0028] On the other hand, according to the present in- 
vention, there is provided a canning structural body 
comprising: a honeycomb structural body In which a plu- 
rality of through channels are formed by a plurality of 
partition walls in an axial direction; and a case in which 
the honeycomb structural body is held and which in- 
cludes an exhaust tube disposed facing to a part (one 
part in one end) of the honeycomb structural body, char- 
acterized in that the honeycomb structural body in- 
cludes a convex or concave structure in at least one end 
through which the through channels extend, and the ex- 
haust tube is attached to a portion including the convex 
or concave structure in the end. 

[0029] In the canning structural body of the present 
invention, the exhaust tube is preferably attached to the 
portion of the end including the convex orconcave struc- 
ture via a holding material, and the convex or concave 
structure is preferably disposed in an outer peripheral 
portion or middle portion of at least one end through 
which the through channels extend. 
[0030] Moreover, the end including the convex struc- 
ture includes a step of 2 mm or more, and the step pref- 
erably has a size which is not more than a diameter of 
the convex structure in a root position. The end including 
the concave structure includes a step of 2 mm or more, 
and the step preferably has a size which is not more 
than an inner diameter of the co ncave structure in a bot- 
tom position. 

[0031] Furthermore, in the canning structural body of 
the present invention, a shape of the convex or concave 
structure Is not especially limited. For example, a pris- 
matic shape, a columnar shape, or a tapered shape may 
be formed. However, in the convex structure having the 
tapered shape, a tip end preferably Includes a planar 
portion. In the concave structure having the tapered 
shape, a bottom portion preferably includes the planar 
portion. 

[0032] Moreover, in the convex or concave structure 



having the tapered shape, the end of the exhaust tube 
preferably has a spreading or narrowing shape substan- 
tially in accordance with slant surfaces of these struc- 
tures. 

5 [0033] Additionally, in the canning structural body of 
the present invention, the convex orconcave structure 
having the tapered shape may be disposed in one end 
through which the through channel extends, and the 
convex or concave structure having the same diametri- 

10 cally sectional shape in an axial direction, such as the 
prismatic shape and the columnar shape, may also be 
disposed In the other end through which the through 
channel extends. 

[0034] Moreover, in the canning structural body of the 
15 present invention, an outer peripheral side surface of the 
convex structure or an inner peripheral side surface of 
the concave structure disposed in the end of the honey- 
comb structural body is preferably coated with a ceramic 
material. 

20 [0035] It is to be noted that in the canning structural 
body of the present invention, the examples of the ma- 
terial constituting the plurality of honeycomb sections In- 
clude at least one selected from a group consisting of 
cordierite, silicon carbide, silicon nitride, alumina, mul- 

25 lite, lithium aluminum silicate, aluminum titanate, and 
zirconia. 

[0036] In the canning structural body of the present 
invention, the honeycomb structural body is preferably 
constituted of a plurality of honeycomb sections formed 

30 of materials which have different characteristics. In this 
case, the material characteristic which differs with each 
honeycomb section Is preferably at least one of porosity, 
average pore diameter, and water absorption. 
[0037] Moreover, in the canning structural body of the 

35 present invention, the honeycomb section correspond- 
ing to the convex or concave structure is preferably con- 
stituted of the material having the characteristics differ- 
ent from those of another honeycomb section. The hon- 
eycomb section corresponding to the convex or con- 

40 cave structure is preferably directly bonded to and inte- 
grated with the other honeycomb section. 
[0038] Furthermore, In the canning structural body of 
the present invention, the respective honeycomb sec- 
tions are different from one another in at least one of cell 

45 structures such as cell density, partition wall thickness, 
and sectional shape in the through channel in a diamet- 
ric direction. In this case, the plurality of honeycomb sec- 
tions different in the cell structure are preferably dis- 
posed substantially facing to the plurality of honeycomb 

50 sections formed of the materials having different char- 
acteristics. 

[0039] Additionally, in the canning structural body of 
the present invention, for some of the plurality of hon- 
eycomb sections, the partition walls may carry metals 
55 having catalytic capabilities, or the partition walls may 
include adsorption layers which have hydrocarbon ad- 
sorption capabilities. In some of the plurality of honey- 
comb sections, the through channels are formed by the 
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partition walls which have filter capabilities. Predeter- 
mined through channels are plugged at one end through 
which the through channels extend, and the remaining 
through channels are plugged at the other end. The 
structural body may also be used as a filter for trapping 5 
and removing particulate materials included in a dust- 
containing fluid. 

[0040] Moreover, in the canning structural body of the 
present invention, the case preferably includes a chan- 
nel change member which changes a channel of a fluid 
which has flown from one honeycomb section to charge 
the fluid into another honeycomb section. 
[0041] Furthermore, according to the present inven- 
tion; there is provided a method of manufacturing a hon- 
eycomb structural body by kneading a raw material is 
mainly containing a ceramic material with a medium to 
obtain puddle, and extrusion molding the puddle to ob- 
tain the...honeycomb structural body, characterized in 
that the method comprises the steps of :, using a plurality.,,^ .. 
of raw materials having different chafacteristics»*after^"-!?^^:= 
fired as the raw material mainly containing the ceramic 
material; kneading the plurality of raw materials with the 
medium in different kneading mechanisms to obtain a 
plurality of puddles having different characteristics after 
fired; guiding the plurality of puddles into different posi- 25 
tions of a die; and simultaneously extruding the plurality 
of puddles. 

[0042] I n the present invention , composite puddle ob- 
tained by integrating the plurality of puddles is preferably 
charged into the die, and the plurality of puddles are si- 30 
rhultaneously extruded. In this case, as an example of 
the composite puddle, around one puddle formed of one 
material, at least one or more puddles whose. -Ghar-ac — 
leristics after fired are different from those of the one 
puddle are disposed. 35 
[0043] On the other hand, the manufacturing method 
of the present invention preferably comprises the steps 
of: guiding the plurality of puddles into the different po- 
sitions of the die by different extrusion mechanisms to 
simultaneously extrude the puddles. 
[0044] In this case, as the extrusion mechanism, a 
screw type extnjsion mechanism is preferable which 
continuously carries out a series of the kneading of the 
raw material mainly containing the ceramic material with 
the medium and the extrusion of the puddle obtained by 
the kneading. Moreover, the plurality of raw materials 
preferable differ in at least one of the characteristics af- 
ter fired, such as the porosity, average pore diameter, 
and water absorption. Furthermore, for the die, at least 
one of a cell block pitch, a slit width, and a sectional so 
shape of a cell block In a direction vertical to an extruding 
direction of the cell block substantially differs with each 
portion into which the respective puddles having differ- 
ent characteristics after fired are charged. 

55 



Brief Description of the Drawing 
[0045] 

FIG. 1 is a perspective view schematically showing 
one embodiment In a honeycomb structural body of 
the present Invention; 

FIG. 2 is a plan view schematically showing one ex- 
ample of an arrangement relation between a plural- 
ity of honeycomb sections formed of materials hav- 
ing different characteristics and those having differ- 
ent cell structures in the honeycomb structural body 
of the present invention; 

FIG. 3 is a plan view schematically showing another 
example of the arrangement relation between the 
plurality of honeycomb sections formed of the ma- 
terials havmgf^ifferent characteristics and those 
having^dijtferent" cell structures in the honeycomb 

•rr- •''Structural body of the present invention; 

FIG. 4 is a perspective view schematically showing 
another embodiment in the honeycomb structural 
body of the present invention; 
FIG. 5 is a perspective view schematically showing 
still another embodiment in the honeycomb struc- 
tural body of the present invention; 
FIG. 6 is a perspective view schematically showing 
still another embodiment in the honeycomb struc- 
tural body of the present invention; 
FIG. 7 is a perspective view schematically showing 
still another embodirgjgi^t in the honeycomb struc- 
tural bodyiof the: j5i^§nl invention; 
FJG-, 8 iSi-4'lop view of FIG. 7; 

> . r^^-FIG. 9 is a perspective view schematically showing 
Still another embodiment In the honeycomb struc- 
tural body of the present invention; 
FIG. 10 is a perspective view schematically show- 
ing still another embodiment in the honeycomb 
structural body of the present invention; 
FIG. 11 is a perspective view schematically showing 
still another embodiment in the honeycomb struc- 
tural body of the present invention; 
FIG. 12 is a perspective view schematically show- 
ing still another embodiment in the honeycomb 
structural body of the present invention; 
FIG. 13 is a semi-sectional view schematically 
showing one embodiment in a canning structural 
body of the present invention; 
FIG. 14 is a semi-sectional view schematically 
showing another embodiment in the canning struc- 
tural body of the present invention; 
FIG. 15 is a semi-sectional view schematically 
showing still another embodiment in the canning 
structural body of the present invention; 
FIG. 1 6 is a partially semi-sectional view schemat- 
ically showing still another embodiment in the can- 
ning structural body of the present Invention; 
FIG- 17 is a step diagram schematically showing 
one example of a method of preparing composite 
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puddle in a method of manufacluring the honey- 
comb structural body of the present invention; 
FIG. 18(a) is a partially sectional view schematically 
showing one example of an extrusion mechanism 
for use In the method of manufacturing the honey- 
comb structural body of the present invention, and 
FIG. 1 8(b) is a panially sectional view in a position 
A showing arrangement of a guide portion of FIG. 
18(a): 

FIG. 1 9(a) is a partially sectional view schematically 
showing another example of the extrusion mecha- 
nism for use in the method of manufacturing the 
honeycomb structural body of the present inven- 
tion, and FIG. 19(b) is a partially sectional view in a 
position B showing the arrangement of the guide 
portion of FIG. 19(a); 

FIG. 20(a) Is a partially sectional view schematically 
showing still another example of the extrusion 
mechanism for use in the method of manufacturing 
the honeycomb structural body of the present in- 
vention, and FIG. 20(b) is a partially sectional view 
in a position C showing the arrangement of the 
guide portion of FIG. 20(a); and 
FIG. 21 is a semi-sectional view showing an ex- 
haust gas purification apparatus in which the hon- 
eycomb structural body in examples of the present 
invention or comparative examples Is attached to 
an exhaust tube of a diesel engine. 

Best Mode for Carrying out the Invention 

[0046] Embodiments of the present invention will 
hereinafter be described concretely with reference to 

the drawings. 

[0047] As shown in FIG. 1 , and the like, for a honey- 
comb structural body 1 of the present invention, a plu- 
rality of through channels 3 are fomied by a plurality of 
partition walls 2 in an axial direction. The honeycomb 
structural body 1 is constituted of a plurality of honey- 
comb sections 10, 11 fomned of materials having differ- 
ent characteristics, and the plurality of honeycomb sec- 
tions 10, 11 are directly bonded to and integrated with 
each other. 

[0048] Accordingly, the respective honeycomb sec- 
tions 10,11 can fulfil! different high performances in ac- 
cordance with requested perfonnances. Additionally, a 
local stress by shape mismatch of the respective hon- 
eycomb sections 10, 11 or presence of a bond material 
is not concentrated, and reliability at the time of use, and 
the like can be enhanced. 

[0049] In the present Invention, examples of the char- 
acteristics of the materials constituting the honeycomb 
sections 10, 11 include porosity, average pore diameter, 
water absorption, specific heat, and the like. In the 
present invention, at least one of these characteristics 
preferably differs in accordance with performances re- 
quired by the respective honeycomb sections 10, 11 . 
[0050] For example, in the honeycomb section 1 0 for 



use as a catalytic body or an adsorbent, it is preferable 
to set the porosity to 20 to 40%, the average .pore diam- 
eter to 1 to 80 Jim. and the water absorption to 1 to 40%, 
and it is more preferable to set the porosity to 25 to 35%, 
5 the average pore diameter to 1 to 60 jim, and the water 
absorption to 4 to 35%. 

[0051] Moreover, for example, in the honeycomb sec- 
tion 1 1 for use as a filter, it is preferable to set the porosity 
to 40 to 80%, and the average pore diameter to 5 to 45 

fo p,m, and it is more preferable to set the porosity to 40 to 
70%, and the average pore diameter to 1 0 to 40 \im, 
[0052] Furthemnore, even with the honeycomb sec- 
tions 10, 11 which impart any performances, in consid- 
eration of lightening and strength of the honeycomb 

15 structural body 1 . it is preferable to set the porosity to 5 
to 80%, the average pore diameter to 0.5 to 100 |im, 
and the water absorption to 1 to 95%, and it is more pref- 
erable to set the porosity to 25 to 70%, the average pore 
diameter to 1 to 60 jjjn, and the water absorption to 4 to 

20 92%. 

[0053] In the present invention, the respective honey- 
comb sections 10, 11 may be constituted by different 
types of materials to vary the characteristics of the re- 
spective honeycomb sections 10. 11, or the respective 

25 honeycomb sections 10, 11 may be constituted of the 
same type of materials different in the characteristics 
such as the porosity and the pore diameter to vary the 
characteristics of the respective honeycomb sections 
10,11. It is to be noted that in the latter case, for exam- 

30 pie, a crystal growth auxiliary agent, pore forming ma- 
terial, and the like can be added into raw materials to 
constitute the honeycomb structural body 1 whose char- 
acteristics such as the porosity and pore diameter differ 
with the respective honeycomb sections 10. 11. 

35 [0054] Moreover, the examples of the materials con- 
stituting the respective honeycomb sections 10, 11 can 
include at least one selected from a group consisting of 
cordlerite, metal silicon, silicon carbide, silicon nitride, 
alumina, mullite, lithium aluminum silicate, aluminum ti- 
tanate, and zirconra. 

[0055] Furthermore, in the present invention, as 
shown in FIGS, 2 and3, for honeycomb sections 12; 13, 
at least one of cell structures such as cell 'dehsity,;par-' • 
tition wall thickness and sectional shape of a diametric 

45 direction in the through channel 3 may be varied in ac- 
cordance with the demanded perfonmances. 
[0056] For example, in the honeycomb section (not 
shown) for use as the catalytic body or adsorbent, it is 
preferable to set the cell density to 0.465 to 3.101 cells/ 

50 rnm2 (300 to 2000 cells/square inch), the partition wall 
thickness to 25 to 300 jim, and the sectional shape of 
the diametric direction In the through channel 3 to a tri- 
angular shape, quadrangular shape, hexagonal shape, 
or circular shape. It is more preferable to set the cell 

55 density to 0.930 to 3.1 01 cells/mm^ (600 to 2000 cells/ 
square inch) and the partition wall thickness to 25 to 100 

[0057] Moreover, for example, in the honeycomb sec- 
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tion (not shown) for use as the filter, it is preferable to 
set the cell density to 0.155 to 0.620 cell/mm^ (100 to 
400 cells/square Inch), the partition wall thickness to 1 00 
to 500 pjTi, and the sectional shape of the diametric di- 
rection in the through channel 3 to the triangular shape, 
quadrangular shape, or hexagonal shape. It is more 
preferable to set the cell density to 0.236 to 0.465 cell/ 
mm^ (150 to 300 cells/square inch), the partition wall 
thickness to 200 to 300 pjn, and the sectional shape of 
thexdiametric direction in the through channel 3 to the 
quadrangular shape. 

[0058] Furthermore, even with the honeycomb sec- 
tio^^which imparts any perfonnance, in consideration of 
the .lightening and strength of the honeycomb structural 
body 1 , it is preferable to set the cell density to 0.155 to 
3.101 cells/mm2(100to2000 cells/square inch), andthe 
partition wall thickness to 25 to 500 |im. It is more pref- 
erable to set the cell density to 0.236 to 3.101 cells/mm^ 
(150 to 2000 cells/square inch) and the partition wall 
thickness to 25 to 300 iim. The examples of the sectional 
shape of the diametric direction in the through channel 
3 can include the triangular shape, quadrangular shape, 
hexagonal shape, elliptical shape, circular shape, and 
the like. 

[0059] As shown in FIG. 2. in the present invention, 
the plurality of honeycomb sections 12, 13 including dif- 
ferent cell stnjctures do not have to be necessarily dis- 
posed in accordance with the plurality of honeycomb 
sections 10, 11 formed of the materials having the dif- 
ferent characteristics, and the plurality of honeycomb 
sections 10, 11 Including the different cell structures 
may also be disposed in portions different from those of 
the plurality of honeycomb sections 12,13 formed of the 
materials having different characteristics. 
[0060] However, to fulfill a high performance demand- 
ed In each honeycomb section, as shown in FIG. 3, the 
plurality of honeycomb sections 12, 13 including the dif- 
ferent cell stnjclures are preferably disposed substan- 
tially in accordance with the plurality of honeycomb sec- 
tions 10, 11 formed of the materials having the above- 
described different characteristics. 
[0061] Concretely, a difference between a boundary 
of the respective honeycomb sections 10, 11 fomied of 
the materials having the different characteristics and 
that of the respective honeycomb sections 12, 13 in 
which the different cell structures are disposed is pref- 
erably 1 0 cells or less, more preferably 7 cells or less, 
further preferably 5 cells or less, especially preferably 3 
cells or less. 

[0062] In the honeycomb structural body 1 of the 
present invention, positions where the plurality of hon- 
eycomb sections 10, 11 fonned of the materials having 
the different characteristics are to be disposed are not 
especially limited, and the sections may appropriately 
be disposed in appropriate positions in accordance with 
desired design, performance, and the like. 
[0063] For example, as shown in FIG. 1 , the plurality 
of honeycomb sections 10, 11 formed of the materials 



having the different characteristics are constituted of a 
first honeycomb section 1 1 (f omned of one material hav- 
ing different characteristics) disposed In a middle region 
including a central axis of the honeycomb structural 
5 body 1 , and a second honeycomb section 10 (formed of 
another material having the different characteristics) 
disposed in an outer peripheral region which surrounds 
the middle region and which is disposed adjacent to the 
middle region. 

10 [0064] Moreover, as shown in FIG. 4, the plurality of 
honeycomb sections 1 0, 1 1 fomned of the materials hav- 
ing the different characteristics may be constituted of 
first honeycomb sections 11 (formed of one material 
having different characteristics) disposed in a region in- 

15 eluding a plurality of cylindrical shapes positioned in par- 
allel with the central axis of the honeycomb structural 
body 1 at . a substantially equal Interval, and a second 
honeycomb section 10 (formed of the other material 
having the different characteristics) disposed in the out- 

20 er peripheral region which surrounds the region includ- 
ing the plurality of cylindrical shapes and which Is dis- 
posed adjacent to the middle region. 
[0065] Furthermore, as shown in FIG. 5, the honey- 
comb structural body 1 is divided into two in an axial 

25 direction, and is constituted of the first honeycomb sec- 
tion 1 1 (formed of one material having the different char- 
acteristics) disposed in one region and the second hon- 
eycomb section 1 0 (formed of the other material having 
the different characteristics) disposed in the other re- 

30 gion; and as shown In FIG. 6, the honeycomb structural 
body 1 Is divided Into four in the axial direction, and Is 
constituted of the first honeycomb sections 11 (formed 
of one material having the different characteristics) and 
the second honeycomb sections 1 0 (formed of the other 

35 material having the different characteristics) which are 
disposed In a pair of diagonally positioned regions, re- 
spectively. 

[0066] As shown In FIGS. 1 , 4 to 6, for the honeycomb 
structural body 1 of the present invention, the above- 

40 described plurality of honeycomb sections 10,11 are di- 
rectly bonded to and Integrated with each other. 
[0067] Accordingly, for example, when the respective 
honeycomb sections 1 0, 1 1 are formed of a main crystal 
of the same quality, stress concentrated on a bonded 

45 portion can be reduced, and resistance to shock, resist- 
ance to thermal shock, and the like can be enhanced. It 
is not necessary to adjust dimensions of separately 
manufactured sections or to bond the sections to one 
another, and manufacturing steps can be simplified. 

50 Furthermore, since a bonded portion is not required, an 
effective sectional area of the honeycomb structural 
body 1 can be increased. 

[0068] It is to be noted that a method of directly bond- 
ing the plurality of honeycomb sections 10, 11 to each 
55 other to integrate the sections will be described later in 
a manufacturing method of the present Invention. 
[0069] In the honeycomb structural body 1 in the 
present invention, various additional materials are pref- 



7 



13 



EP 1 415 779 A1 



14 



erably disposed in the above-described honeycomb 
sections 10, 11 in accordance with the desired perform- 
ance. 

[0070] For example, to Impart the performance of a 
catalyst carrier, the partition walls 2 of the honeycomb 
sections 10, 11 to which the performance is to be im- 
parled preferably carry metals having catalytic capabil- 
ities, and in this case, the examples of the metals having 
the catalytic capabilities can include R, Pd, Rh, and the 
like. 

[0071] Similarly, to impart the performance of the ad- 
sorbent of hydrocarbon, and the like, an adsorption layer 
for adsorbing hydrocarbon, and the like Is preferably dis- 
posed in the partition walls 2 of the honeycomb sections 
10, 11 to which the performance is to be imparted. In 
this case, the examples of the adsorption layer include 
layers formed of zeolite, activated carbon, and the like, 
and above all, the layer formed of zeolite is preferable 
in respect of heat resistance. Moreover, as zeolite, ei- 
ther natural materials or synthetic compounds may be 
used, and an Si/AI molar ratio is preferably 40 or more, 
and, for example, 2SM-5, USY. p-zeolite, mordenrte, sil- 
icalite, metallosilicate, and the like can preferably be 
used. It Is to be noted that two or more types of zeolite 
are preferably used to adsorb hydrocarbon, and the like 
having various molecular sizes. 
[0072] Furthermore, to impart the performance of the 
filter, the partition walls 2 of the honeycomb sections 1 0, 
11 to which the performance is to be imparted are 
formed of the materials having the above-described 
characteristics to have the fitter capabilities. For the 
through channels 3 formed by the partition walls 2 hav- 
ing the filter capabilities. In the opposite ends through 
which the through channels 3 extend, the predeter- 
mined through channels 3 are plugged at one end, and 
the remaining through channels 3 are preferably 
plugged at the other end. Accordingly, the section can 
be used as the filter for trapping and removing particu- 
late materials Included in a dust-containing fluid. 
[0073] It is to be noted that the performances of the 
respective honeycomb sections 1 0, 1 1 in the present in- 
vention are not limited to these, and needless to say, 
various perfomiances may be imparted In accordance 
with the use. 

[0074] Next, as shown in FIGS. 7 to 12. in the honey- 
comb structural body 1 of the present invention, a con- 
vex structure 6 or concave structure 8 is preferably dis- 
posed in at least one end 4 through which the through 
channels 3 extend. 

[0075] By this structure, a canning structural body can 
be obtained in which an exhaust tube described later is 
attached to the convex structure 6 or the concave struc- 
ture 8. Therefore, by the use for a long time, fluids such 
as the exhaust gas can be passed through the specific 
honeycomb sections 10, 11 of the honeycomb structural 
body 1 without leaking to a path other than a desired 
path, and high purification perfomnancescan be fulfilled. 
[0076] In the present invention, the convex structure 



6 or the concave structure 8 is disposed in at least one 
end 4 through which the through channels 3 extend, and 
may also be disposed in the opposite ends 4, 5 if nec- 
essary. 

5 [0077] Moreover, in the present invention, a position 
where the convex structure 6 or the concave structure 
B is disposed Is not especially limited, but from a view- 
point of connection of a channel, it is preferable to dis- 
pose the convex structure 6 in a middle portion or to dis- 

^0 pose the concave structure B in the middle portion. 
[0078] As shown in FIG. 7 or 1 0, the convex structure 
6 or the concave structure 8 in the present invention may 
have a sectional shape (e.g., a columnar shape, pris- 
matic shape) of the honeycomb structural body 1 in a 

15 diametric direction, which is the same in an axial direc- 
tion, or as shown in FIG. 9, 11 , or 12, an outer peripheral 
side surface 7 of the convex structure 6 or an Inner pe- 
ripheral side surface 9 of the concave structure 8 may 
also have a slope tapered shape. 

20 [0079] Moreover, as shown in FIG. 9, to dispose the 
convex structure 6 which has the tapered shape, a pla- 
nar portion 22 is preferably disposed in a tip end 14 of 
the convex structure 6 in that the tip end 14 of the convex 
structure 6 at the time of handling can be prevented from 

25 being damaged. As shown in FIG. 1 2, when the concave 
structure 8 having the tapered shape is disposed, the 
planar portion 22 is preferably disposed in a bottom from 
a viewpoint of a valid volume of the honeycomb struc- 
tural body 1 . Moreover, as shown in FIG. 9, 11 , or 12, in 

30 the convex structure 6 or the concave structure 8 which 
has the tapered shape, when a slope 23 of the convex 
structure 6 or concave structure 8 has a moderate Incli- 
nation, and when the exhaust tube is disposed to abut 
on the specific honeycomb section 11 , it becomes diffi- 

35 cult to seal the fluid. Therefore, an angle A held by the 
slope 23 of the convex structure 6 or the concave struc- 
ture 8 is set to an angle of preferably 150 degrees or 
less, more preferably 120 degrees or less. 
[0080] Moreover, as shown in FIG. 11 , when the con- 

^0 vex structure 6 is constituted to have a triangular shape 
without disposing the planar portion in the tip end 14 of 
the convex structure 6, considering from the strength of 
the convex structure 6, the angle A of the tip end 1 4 held 
by the slope preferably has an angle of 60 degrees or 

^5 more. 

[0081 ] In the present invention, to dispose the convex 
or concave structure In the opposite ends through which 
the through channels extend, the convex or concave 
structure in which the sectional shape of the honeycomb 

50 structural body in the diametric direction is the same in 
the axial direction may also be disposed in the opposite 
ends. The convex or concave structure having the ta- 
pered shape may be disposed in one end through which 
the through channels extend, and the convex or con- 

55 cave structure in which the sectional shape of the hon- 
eycomb structural body in the diametric direction is the 
same in the axial direction may also be disposed in the 
other end through which the through channels extend 
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(not shown). Needless to say, for the convex or concave 
structure, the sectional shape of the honeycomb struc- 
tural body in the diametric direction may also have a 
shape other than the same shape in the axial direction. 
[0082] In the present invention, as shown in FIG. 7, in 
the honeycomb structural body 1 including the convex 
structure 6 which forms a step, a step B of the end 4 has 
a size of preferably 2 mm or more, more preferably 5 
mm or more. When the step B is in this range, the ex- 
. haust tube described later can easily be attached, and 
an attached state can securely be maintained even un- 
der vibration. On the other hand, the step B of the end 
4 preferably has a size which is not more than a diameter 
in -a root position 16 of the convex structure 6 so as to 
impart a sufficient strength to the convex structure 6. 
[0083] Moreover, in the present invention, as shown 
in FIG. 1 0.forthe honeycomb structural body 1 including 
the concave structure 8 forming the step, the step B of 
the end 4 has a size of preferably 2 mm or more, more 
preferably 5 mm or more from a viewpoint similar to that 
of the honeycomb str-uctural body 1 including the convex 
structure 6 shown In FIG. 7. On the other hand, from the 
viewpoint of the valid volume of the honeycomb struc- 
tural body 1 , the size is preferably not more than an inner 
diameter in a bottom position 17 of the concave struc- 
ture 8. 

[0084] In the present invention, to prevent fluids such 
as the exhaust gas charged into the specific honeycomb 
section from leaking out of the desired path, the outer 
peripheral side surface 7 of the convex structure 6 or 
the inner peripheral side surface 9 of the concave struc- 
ture 8 disposed in the end 4 through which the through 
channels 3 extend as shown in FIGS. 7, 1 0 may prefer- 
ably be coated with a coat material. 
[0085] In this case, as the coat material, a material 
having superior characteristics such as heat resistance 
and peel resistance is preferable. For example, major 
components are preferably a material constituting the 
honeycomb section to be coated, ceramic fiber, and col- 
loidal oxide (colloidal silica, colloidal alumina, and the 
like). 

[0086] In the present Invention, the respective honey- 
comb sections 10, 11 do not have to be necessarily dis- 
posed in accordance with the convex structure 6 or the 
concave structure 8 disposed in the end 4 through which 
the through channels 3 extend. However, with the con- 
vex structure 6 or the concave structure 8 in which the 
sectional shape of the diametric direction is the same in 
the axial direction as shown in FIG. 7 or 10, the honey- 
comb sections 10, 11 are preferably disposed in accord- 
ance with the convex structure 6 or the concave struc- 
ture 8 in that an appropriate fluid channel is constructed 
in accordance with the performances of the respective 
honeycomb sections 10, 11. 

[0087] On the other hand, when the convex structure 
6 or the concave structure 8 having the tapered shape 
is disposed as shown in FIG. 9, 11, or 12, the honey- 
comb sections 10, 11 are preferably disposed via a 



boundary in any position of the slope 23 of the tapered 
shape (concrete position of any slope 23 may arbitrarily 
be detemiined by designs) in that the appropriate fluid 
channel is constructed in accordance with the perform- 
5 ances of the respective honeycomb sections 10,11 and 
in that a seal properly at the lime of abutment on the 
exhaust lube is enhanced. 

[0088] It is to be noted that in the honeycomb struc- 
tural body 1 of the present invention, the shape of the 

10 structural body is not especially limited, and in accord- 
ance with the designs, polygonal shapes such as a tri- 
angular shape, a rectangular shape, square shape, 
rhomboidal shape, trapezoidal shape, and shapes such 
as elliptical shape, circular shape, race track shape, 

^5 semi-elliptical shape and semicircular shape. 

[0089] Next, the canning structural body of the 
present invention including this honeycomb structural 
body will be described. 

[0090] As shown in FIGS, 13 to 15, a canning struc- 

20 tural body 41 of the present invention comprises: the 
honeycomb stmctural body 1 in which the plurality of 
through channels 3 are fomned by the plurality of parti- 
tion walls in the axial direction; and a case 30 in which 
the honeycomb structural body 1 is held and which in- 

25 eludes an exhaust tube 34 disposed for the honeycomb 
section 11 constituting a part of the honeycomb struc- 
tural body 1 . For the honeycomb structural body 1 , the 
convex structure 6 or the concave structure 8 is dis- 
posed in at least one end 4 through which the through 

30 channels 3 extend, and the exhaust tube 34 is attached 
to the convex structure 6 or the concave structure 8. 
[0091] By this structure, even with the use for a long 
time, the fluids such as the exhaust gas can be charged 
into the specific honeycomb sections 10, 11 of the hon- 

35 eycomb structural body 1 without leaking to the path oth- 
er thanthe desired path, and the high purification per- 
formances can be fulfilled. 

[0092] Here, for the canning structural body 41 of the 
present Invention, the fluid is charged into specific one 

40 honeycomb section 11 via a fluid introductory path 37 
formed by an outer wall of the exhaust tube 34 and an 
inner wall of a main body of case 30. After the fluid is 
further charged into the specific honeycomb section 10 
by a channel change member 38, and the like described 

45 later, the fluid subjected to purification, heat exchange, 
and the like is discharged via the exhaust tube 34 which 
abuts on the specific other honeycomb section 10. 
[0093] As shown in FIG. 15, in the canning stmctural 
body 41 in the present invention, the exhaust tube 34 

50 may directly be attached to the convex structure 6 or the 
concave structure (not shown) of the honeycomb struc- 
tural body 1 . In this case, to completely prevent the fluid 
from leaking, an end 35 of the exhaust tube 34 is urged 
using an elastic force, and is preferably pressed onto 

55 the outer peripheral side surface 7 of the convex struc- 
ture 6 or the inner peripheral side surface of the concave 
structure. 

[0094] Moreover, as shown in FIGS. 13 and 14, the 
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exhaust tube 34 is also preferably attached to the con- 
vex structure 6 or the concave structure 8 via a holding 
material 36 in that the t luid can more completely be pre- 
vented from leaking and that the honeycomb structural 
body 1 can be prevented from being damaged by friction 5 
between the exhaust tube 34 and the honeycomb struc- 
tural body 1 . In this case, as the holding material 36, for 
example, a ceramic mat fornied of alumina, mullite, and 
the like, or a metal mesh fomned of stainless steel, and 
the like can be used. io 
[0095] Furthermore, as show^n in FIG. 15, when the 
convex structure 6 or the concave structure (not shown) 
disposed in the honeycomb structural body 1 has the 
tapered shape, the end 35 of the exhaust tube 34 pref- 
erably has a spreading or nan-owing shape substantially is 
extending along a slop surface of the convex structure 
6 or the concave structure having the tapered shape. 
[0096] Accordingly, a contact area of the slope sur- 
face with the end 35 of the exhaust tube 34 Increases, 
and the seal property of the fluid can be enhanced with 
a simple structure which can be prepared at the low cost. 
[0097] As shown in FIGS. 13 to 16, In the canning 
structural body 41 of the present invention, the case 30 
preferably includes the channel change member 38 for 
changing the channel of the fluid which has flown out of 25 
one honeycomb section 11 to charge the fluid into the 
other honeycomb section 10. 

[0098] In this case, as the channel change member 
38, a plate-like member 38A constituting a barrier 
against the flow of the fluid as shown in FIGS. 13 to 15, 30 
or a rotary wing member 3BB whch rotates using the 
flow of the fluid to give a spiral flow as shown In FIG. 1 6 
can be used. 

[0099] The channel of the fluid can be changed with 
a simple structure in the former channel change mem- 35 
ber 38A. For the latter channel change member 38B, 
when reducing agents such as urea are added into the 
fluids such as the exhaust gas. the obtained spiral flow 
is used to mix the fluids such as the exhaust gas with 
the added material, and flow rates of the fluids different 40 
in a flow rate distribution can be uniformed. It is to be 
noted that as the former channel change member 38A, 
as shown In FIGS. 13 to 15, the inner wall of the case 
30 may be formed in a desired shape such as a curved 
surface to also perform the function of the channel 45 
change member 38A. or a separate channel change 
member (not shown) may also be disposed in the case. 
[01 00] Moreover, in the canning structural body 41 of 
the present invention. In accordance with the applica- 
tion, needless to say, a constitution may also be used so 
in which the exhaust gas is first charged into one hon- 
eycomb section 1 0 and thereafter charged into the other 
honeycomb section 11 . 

[0101] It is to be noted that the honeycomb structural 
body 1 constituting the canning structural body of the 55 
present invention has been described above, and the 
description thereof Is omitted here. 
[0102] Next, a method of manufacturing the honey- 



comb structural body of the present Invention will be de- 
scribed. 

[0103] In the method of manufacturing the honey- 
comb structural body of the present invention, a raw ma- 
terial containing a ceramic material which is a major 
component is used, and the material formed of a plural- 
ity of materials different In the characteristics after fired 
is used. The plurality of materials are kneaded with a 
medium by different kneading mechanisms to obtain a 
plurality of puddles. After guiding the plurality of puddles 
into different positions of a die , the plurality of puddles 
are simultaneously extruded. 

[0104] In accordance with the manufacturing method 
of the present Invention, the honeycomb structural body 
of the present invention In which the respective honey- 
comb sections having different characteristics afterfired 
are directly bonded and integrated can be manufactured 
by simple and secure steps at low cost. This will here- 
inafter be described concretely. 
[0105] First in the manufacturing method of the 
present invention, as the raw material containing the ce- 
ramic material which is the major component, a plurality 
of raw materials having different characteristics after 
fired are used. 

[0106] For example, the raw material containing the 
ceramic material which is the major component contains 
at least one selected as the major component from a 
group consisting of metal silicon, silicon carbide, titani- 
um, zirconium, boron carbide, titanium carbide, zirconi- 
um carbide, silicon nitride, boron nitride, aluminum ni- 
tride, aluminum oxide, zirconium oxide, mullite, cordier- 
Ite forming raw material, aluminum titanate, sialon, ka- 
olin, talc, aluminum hydroxide, fused silica, and quartz. 
The major component may appropriately be selected in 
accordance with the demanded characteristics after sin- 
tered. When the other materials such as the crystal 
growth auxiliary agent, and pore fomning material are 
further contained as the additives, the raw material may 
also be used so as to meet the demanded characteris- 
tics after sintered. Needless to say, dispersant, binder, 
and the like may be further contained as the additives. 
[0107] The examples of the characteristics afterfired 
of the raw material containing the ceramic material 
which is the major component include the porosity, av- 
erage pore diameter, water absorption, specific heat, 
and the like, and it is preferable in the present invention 
to use the raw material which differs with at least one of 
these characteristics. 

[01 08] A desired range In these characteristics is sim- 
ilar to that described In the honeycomb structural body 
of the present invention, and the raw material Is prefer- 
ably prepared so as to obtain the characteristics after 
sintered. 

[0109] It is to be noted that as the raw material of the 
portion for use as the catalytic body, adsorbent, or filter, 
the material containing cordierite, SIC, and the Hike 
which is the major component can be used. 
[0110] In the manufacturing method of the present In- 
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vention, next, the materials having the different charac- 
teristics after fired are kneaded with the mediums by dif- 
ferent kneading mechanisnns to obtain a plurality of pud- 
dles, 

[0111] In the present Invention, the kneading mecha- 
nism is not especially limited, and, for example, a vac- 
uum pug millpug mill may also be used to knead the ma- 
terials, but a screw type extrusion mechanism described 
later is preferably used to continuously a kneading step 
and extruding step in a series of steps in respect of en- 
hancement of productivity. 

[0112] Moreover, in the present invention, the medi- 
um is not especially limited, and an appropriate medium 
may preferably be used in accordance with the raw ma- 
terials described above. 

[011 3] In the manufacturing method of the present in- 
vention, next, after the plurality of resulting puddles hav- 
ing the different characteristics after fired are charged 
into the different positions of the die , the plurality of pud- 
dles are simultaneously extruded to mold the structural 
body. 

[0114] As means for guiding the plurality of resulting 
puddles having the different characteristics after fired in- 
to the different positions of the die and subsequently ex- 
truding the puddles, there can be used a method of pre- 
paring composite puddle in which the plurality of pud- 
dles haying the different characteristics after fired are 
integrated, and extrusion molding the composite pud- 
dle. In this case, for the composite puddle, for example, 
as shown in FIG. 17, around one puddle 20 formed of 
one material, at least one or more other puddles 21 
whose characteristics after fired are different from those 
of the one puddle 20 are disposed and integrated and 
the composite puddle can be obtained. For such com- 
posite puddle 22, the honeycomb structural body can 
be easily obtained in which the honeycomb sections 
formed of the material having the different characteris- 
tics are directly bonded with one syringe type extrusion 
mechanism. 

[01 1 5] It is to be noted that to dispose the first honey- 
comb section in the above-described middle region and 
the second honeyconlb section in the outer peripheral 
region in a position where the central axis of the honey- 
comb structural body is substantially conceotric, the one 
puddle 20 formed of one material and the other puddle 
21 disposed in the periphery may be disposed in a sub- 
stantially concentric position. 

[0116] [Moreover, in the present invention, since the 
honeycomb structural body is manufactured by extru- 
sion molding, f orthe above-described composite puddle 
22, the respective puddles 20, 21 formed of the materi- 
als having the different characteristics after fired are 
preferably stacked in a direction vertical to an extruding 
direction. Furthermore, in order to enhance moldabillty 
at the time of the extrusion molding, a gap between the 
plurality of puddles 20, 21 having different characteris- 
tics after fired is reduced, and the puddles are preferably 
closely bonded. 



[0117] As another means for guiding the plurality of 
resulting puddles formed of the material having the ob- 
tained different characteristics into the different posi- 
tions of the die to simultaneously extrude the puddles, 
5 a method of guiding a plurality of puddles having the dif- 
ferent characteristics after fired into the different posi- 
tions of the die by the different extrusion mechanisms 
to simultaneously extrude the puddles can be used. 
[0118] Concretely, there can be exemplified: a meth- 
od of using a plurality of syringe type extrusion mecha- 
nisms 18, 1 9 as the extrusion mechanisms as shown in 
FIGS. 1 8(a)(b) to put the plurality of puddles 20, 21 hav- 
ing the different characteristics after fired into the re- 
spective syringe type extrusion mechanisms 1 8, 19 and 
synchronizing/performing extruding steps in the respec- 
tive extrusion mechanisms 1 8, 1 9 to simultaneously ex- 
trude the respective puddles 20, 21 ; or a method of us- 
ing a plurality of screw type extrusion mechanisms 16, 
17 as the extrusion mechanisms as shown in FIGS. 19 
{a){b) and synchronizing/performing steps of kneading 
the raw materials with the mediums and steps of extrud- 
ing the puddles obtained by the kneading in the respec- 
tive extrusion mechanisms 1 6, 1 7 to simultaneously ex- 
trude the respective puddles 20, 21 . 
[0119] Above ail, when the kneading of the raw ma- 
terial with the medium and the extrusion of the puddles 
obtained by the kneading can continuously be carried 
out, and the productivity can remarkably be enhanced. 
In this respect, the latter method of using the screw type 
extrusion mechanisms 16, 17 is preferable. 
[0120] Moreover, as an arrangement of the extrusion 
mechanisms, for example, as shown in FIGS. 20(a)(b), 
there can be exemplified an arrangement for disposing 
Ihe respective extrusion mechanisms 16, 17 for each of 
the portions 26, 27 in a die 25 into which the respective 
puddles having the different characteristics after fired 
are to be charged. However, as shown in FIGS. 19(a) 
(b), in at least one extrusion mechanism 1 7, a guide por- 
tion 28 for connecting the extrusion mechanism 1 7 to 
the specific portion of the die 25 to charge the puddles 
into the specific portion of the die 25 Is included, and the 
respective extrusion mechanisms 16, 17 are preferably 
freely arranged in accordance with the designs. It is to 
be noted that in the extrusion mechanism 17 including 
the guide portion 28, the design of the extrusion mech- 
anism can remarkably be simplified. 
[0121] In the present invention, the shape and struc- 
ture of the die for use are not especially limited. Howev- 
er, for example, when a plurality of honeycomb sections 
different in the cell structures such as the cell density, 
partition wail thickness, and the sectional shape of the 
through channel in the diametric direction are disposed, 
at least one of a cell block pitch, slit width, and the sec- 
tional shape of the cell block in a direction vertical to the 
extruding direction is preferably varied in accordance 
with the demanded ceil structure. 
[0122] Moreover, when the plurality of honeycomb 
sections having different cell structures are disposed for 



15 



20 



25 



30 



35 



40 



45 



50 



11 



21 



EP 1 415 779 A1 



22 



those formed of the materials having the different char- 
acteristics, the cell structure is preferably varied with 
each portion into which the puddles having substantially 
different characteristics are to be charged. 
[0123] Concretely, the difference between the bound- 
ary of the respective portions of the die into which the 
puddles having the different characieristics after fired 
are to be charged and that of the respective portions of 
the die having different shape and structure is preferably 
10 cells or less, more preferably 7 cells or less, further 
preferably 5 cells or less, especially preferably 3 cells 
or less. 

[01 24] In the manufacturing method of the present in- 
vention, usually, an obtained molded body of the hon- 
eycomb structure is fired to obtain a final product, and 
preferably the molded body is usually dried by a micro- 
wave and/or hot air, and subsequently fired. 
[0125] Moreover, as a method of forming the above- 
described convex structure 6 or the concave structure 
8, for example, there can be exemplified: a method of 
allowing extruding timings to deviate with the body for 
the first honeycomb section having the columnar or pris- 
matic shape and that for the second honeycomb section 
having the hollow cylindrical shape and varying lengths 
of the respective honeycomb sections in the axial direc- 
tion; or a method of preparing the honeycomb structural 
body having the columnar or prismatic shape and next 
cutting the end through which the through channels ex- 
tend afterthe molding orthe calcining to f ormthe convex 
or concave structure. 

(Examples) 

[0126] Examples of the present invention will herein- 
after be described more concretely, but the present in- 
vention is not limited to these examples. 
[01 27] It is to be noted that the honeycomb structural 
bodies obtained in the examples and comparative ex- 
amples were evaluated by the following methods. 

(Evaluation Method) 

1. Average Pore Diameter 

[0128] The diameter was measured by a mercury 
press-in type porosimeter manufactured by Micro Mer- 
itic Co. 

2. Porosity 

[0129] The porosity was determined by calculation 
from a true specific gravity of the material constituting 
the honeycomb structural body and a total pore volume. 
Moreover, the pore volume was measured by the mer- 
cury penetration type porosimeter manufactured by Mi- 
cro Meritic Co. 



3. Water Absorption 

[0130] The absorption was measured by a method 
described in JIS R2205. 

5 

4. Heat Vibration Test 

[0131] After heating and vibrating the canning stmc- 
tural body of each of the examples and comparative ex- 
10 amples underthe following conditions, an attached state 
of the exhaust tube was visually observed. 

(1) Canning structural body inlet gas temperature: 
The temperature was repeatedly changed at 

15 900*^0x5 minutes to 100*»Cx5 minutes which was 
one cycle. 

(2) Vibration: The body was vibrated at 200 Hz, 30G 
in the direction vertical to a through direction of the 
through channel. 

20 (3) Test time: The test was carried out for 20 hours. 

(Examples and Comparative Examples) 
Example 1 

25 

[01 32] First, as ceramic raw materials, a first ceramic 
raw material and second ceramic raw material formed 
of cordierite materials having different characteristics af- 
ter fired were prepared. 

30 [0133] Next, the respective ceramic raw materials to- 
gether with water used as the medium were fed into dif- 
ferent vacuum pug mlllpug mills to knead and mold the 
respective ceramic raw materials with water, and puddle 
having a columnar shape with a diameter of 150 mm 

35 and formed of a first ceramic raw material, and puddle 
having a flat plate shape with a width of 475 mm and 
thickness of 40 mm and formed of a second ceramic raw 
material were obtained. 

[0134] Next, the puddle having the fiat plate shape 
^0 and formed of the second ceramic raw material was 
wound around the puddle having the columnar shape 
and formed of the first ceramic raw material to prepare 
the integrated composite puddle. 
[0135] Subsequently, the obtained columnarcompos- 
45 ite puddle was put into a ram type extruder in which the 
dies different in the cell structure were disposed in a mid- 
dle portion having a diameter of 120 mm and an outer 
peripheral portion. The extrusion molding was carried 
out to prepare a molded body in which the first honey- 
so comb section fomned of the first ceramic raw material 
was disposed in the middle portion concentric with the 
honeycomb structural body and having a diameter of 
120 mm and the second honeycomb section formed of 
the second ceramic raw material was disposed in the 
55 outer peripheral portion disposed adjacent to the middle 
portion. 

[0136] Next, the obtained molded body was dried by 
the hot air and microwave, and subsequently the 
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through channels of the first honeyconnb section dis- 
posed in the middle portion'were alternately plugged at 
the opposite ends through which the holes extend, and 
fired. 

[0137] Next, the catalyst containing Pt as the major 
component was loaded on the partition walls of the hon- 
eycomb seclion formed of the second ceramic raw ma- 
terial to obtain the columnar honeycomb structural body 
having a length of 203 mm, diameter of 1 90 mm. 
[0138] The characteristics of the obtained honey- 
comb structural body were checked. The honeycomb 
section formed of the first ceramic raw material had an 
average pore diameter of 30 p.m, water absorption of 
91%,. porosity of 70%, partition wall thickness of 0.25 
mm, and cell density of 0.465 cell/mm^ (300 ceils/ 
square inch), and the sectional shape of the through 
channel in the diametric direction was quadrangular. 
The honeycomb section formed of the second ceramic 
raw material had an average pore diameter of 5 fim, wa- 
ter absorption of 17%, porosity of 30%, partition wall 
thickness of 0.1 mm, and cell density of 0.930 cell/mm^ 
(600 cells/square inch), and the sectional shape of the 
through channel in the diametric direction was quadran- 
gular. 

[0139] Moreover, as shown in FIG. 21, the honey- 
comb structural body 1 was held in the metal case 30, 
and the exhaust tube 34 of a 2400 cc diesel engine was 
disposed for the first honeycomb section 11 formed of 
the first ceramic raw material to prepare an exhaust gas 
purification apparatus. 

[0140] The exhaust gas was charged via the exhaust 
gas introductory path 37 formed by the outer wall of the 
exhaust tube 34 and the inner wall of the metal case, 
passed through the second honeycomb section 10 
formed of the second ceramic raw material to function 
as a catalytic body tor converting NO to NO2, and the 
first honeycomb section 11 fonned of the first ceramic 
raw material to function as the filter for trapping and re- 
moving the particulate material In order, and purified. 
Then, superior exhaust gas purification performance 
was recognized. Moreover, the tested honeycomb 
structural body was checked for damage, defomnation, 
and the like. Then, the damages such as peels and 
cracks, and the deformation of the through channel were 
not recognized at all in the structural body including the 
bonded portion of both the honeycomb sections. It is to 
be noted that an^ows in FIG. 21 indicate a proceeding 
direction of the exhaust gas. 

Example 2 

[0141] First, as the ceramic raw materials, the first ce- 
ramic raw material and second ceramic raw material 
formed of silicon carbide materials having different char- 
acteristics after fired were prepared. 
[0142] Next, an extrusion molding machine which in- 
cludes one extrusion mechanism of screw type for ex- 
truding the first ceramic raw material being disposed 



facing to the middle portion concentric with the center 
point of the inlet end surface of the die and having a 
diameter of 90 mm, and another extrusion mechanism 
of screw type for extruding the second ceramic raw ma- 
5 terial, having the guide portion connected to the outer 
peripheral portion concentric with the middle portion of 
the above-described die was used. The respective ce- 
ramic raw materials together with the medium were fed 
into the respective screw type extrusion mechanisms. 
10 The kneading and the extrusion molding of the obtained 
puddles were synchronized and perfomned in the re- 
spective extrusion mechanisms to prepare the molded 
body of the honeycomb structural body. In this case, the 
dies having different cell structures were used in the 
15 middle portion and outer peripheral portion. 

[0143] Next, the obtained molded body was dried by 
the microwave, and subsequently the through channels 
of the honeycomb section formed of the first ceramic raw 
material were alternately plugged at the opposite ends 
through which the holes extend, and fired. Next, the cat- 
alyst containing Pt as the major component was loaded 
on the partition walls of the honeycomb section formed 
of the second ceramic raw material to obtain the colum- 
nar honeycomb structural body in which the honeycomb 
section formed of the first ceramic raw material was dis- 
posed in a. columnar region concentric with the honey- 
comb structural body and having a diameter of 90 mm 
and which had a length of 1 52 mm, diameter of 1 44 mm. 
[0144] The characteristics of the obtained honey- 
comb structural body were checked. The honeycomb 
section formed of the first ceramic raw material had an 
average pore diameter of 1 0 p.m, porosity of 45%, water 
absorption of 27%, partition wail thickness of 0.3 mm, 
and cell density of 0,310 cell/mm^ (200 cells/square 
inch), and the sectional shape of the through channel in 
the diametric direction was quadrangular. The honey- 
comb section formed of the second ceramic raw mate- 
rial had an average pore diameter of 4 p.m, porosity of 
20%, water absorption of 9%, partition wall thickness of 
0.15 mm. and cell density of 0.620 cell/mm^ (400 cells/ 
square inch), and the sectional shape of the through 
channel in the diametric direction was hexagonal. 
[0145] Moreover, as shown in FIG. 21, the honey- 
comb structural body 1 was held in the metal case 30, 
and the exhaust tube 34 of the 2400 cc diesel engine 
was disposed for the first honeycomb section 11 formed 
of the first ceramic raw material to prepare the exhaust 
gas purification apparatus. • - 

[0146] The exhaust gas was charged via the exhaust 
gas introductory path 37 formed by the outer wall of the 
exhaust tube 34 and the inner wall of the metal case, 
passed through the second honeycomb section 10 
formed of the second ceramic raw material to function 
as the catalytic body for converting NO to NOg, and the 
first honeycomb section 11 formed of the first ceramic 
raw material to function as the filter for trapping and re- 
moving the particulate material in order, and purified. 
Then, the superior exhaust gas purification periormance 
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we? recognized. Moreover, the tested honeycomb 
str-ctural body was checked for the damage, deforma- 
tic- . and the like. Then, the damages such as the peels 
an:: cracks, and the defonmation of the through channel 
were not recognized at all in the structural body includ- 
ing the bonded portion of both the honeycomb sections. 
It is to be noted that the arrows in FIG. 21 indicate the 
proceeding direction of the exhaust gas. 

Example 3 

[01 47] First, as the ceramic raw materials, the first ce- 
ramic raw material and second ceramic raw material 
formed of the cordierlte materials having the different 
characteristics after fired were prepared. 
[0148] Next, the extrusion molding machine which in- 
cludes one extrusion mechanism of screw type for ex- 
truding the first ceramic raw material being disposed 
facing to the middle portion of the die , and another ex- 
trusion mechanism of screw type including a plurality of 
screws to extrude the second ceramic raw material, dis- 
posed in the outer peripheral portion of the one extrusion 
mechanism of screw type was used. The respective ce- 
ramic raw materials were fed into the separate screw 
type extrusion mechanisms. The kneading of the re- 
spective ceramic raw materials and the extrusion of the 
obtained puddles were synchronized and performed in 
the respective extrusion mechanisms to prepare the 
molded body of the honeycomb structural body. In this 
case, the dies having different cell structures were used 
in the middle portion and outer peripheral portion. 
[0149] Next, after the obtained molded body was 
dried and fired, the catalyst containing Pt and Pd as the 
major components was loaded on the partition walls of 
the honeycomb section formed of the second ceramic 
raw material, and the adsorption layer containing zeolite 
2SM-5 (manufactured by The PQ Co., Ltd.) which was 
the major component was disposed on the partition wall 
of the honeycomb section formed of the first ceramic raw 
material. The columnar honeycomb structural body hav- 
ing a length of 152 mm and diameter of 144 m was ob- 
tained in which the honeycomb section formed of the 
first ceramic raw material was disposed in the columnar 
region concentric with the honeycomb structural body 
and having a diameter of 45 mm. 
[0150] The characteristics of the obtained honey- 
comb structural body were checked. The honeycomb 
section fomned of the first ceramic raw material had an 
average pore diameter of 3 pjn, water absorption of 
1 0%, porosity of 20%, partition wall thickness of 1 50 jim, 
and cell density of 0.820 cell/mm^ (400 cells/square 
Inch), and the sectional shape of the through channel in 
the diametric direction was triangular. The honeycomb 
section fomned of the second ceramic raw material had 
an average pore diameter of 7 jim, water absorption of 
22%, porosity of 35%. partition wall thickness of 1 00 \im, 
and cell density of 0.465 cell/mm2 (300 cells/square 
Inch), and the sectional shape of the through channel in 



the diametric direction was hexagonal. 
[01 51 ] Moreover, the honeycomb structural body was 
held In the metal case, and the exhaust tube of a 3000 
cc gasoline engine was disposed for one end of the hon- 
5 eycomb section to prepare the exhaust gas purification 
apparatus. 

[0152] The exhaust gas was charged into the second 
honeycomb section formed of the second ceramic raw 
material to function as a three-way catalytic body for ox- 

10 Idizing/reducing HC, CO. NO^, and the first honeycomb 
section formed of the first ceramic raw material to func- 
tion as the adsorbent for adsorbing the hydrocarbon 
components, and the exhaust gas was purified. Then, 
the superior exhaust gas purification performance was 

15 recognized. Moreover, the tested honeycomb structural 
body was checked forthe damage, defomrjatlon, and the 
like. Then, the damages such as the peels and cracks, 
and the deformation of the through channel were not 
recognized at all in the structural body including the 

so bonded portion of both the honeycomb sections. 

Comparative Example 1 

[0153] The columnar honeycomb structural body hav- 
25 ing a length of 203 mm and diameter of 190 mm was 
obtained in the same manner as in Example 1 except 
that the raw materials formed of one type of cordierite 
material having the same characteristics after fired were 
used as the ceramic raw materials and the die entirely 
30 including the same cell structure was used. 

[0154] The characteristics of the obtained honey- 
comb structural body were checked. The whole honey- 
comb structural body had an average pore diameter of 
7 pjn. water absorption of 22%, porosity of 35%, partition 
35 wall thickness of 0.25 mm, and cell density of 0.465 cell/ 
mm2 (300 cells/square inch), and the sectional shape of 
the through channel in the diametric direction was quad- 
rangular. 

[0155] Moreover, as shown in FIG. 21, the honey- 

^0 comb structural body 1 was held in the metal case 30, 
and the exhaust tube 34 of the 2400 cc diesel engine 
was attached for the first honeycomb section 11 formed 
of the first ceramic raw material to prepare the exhaust 
gas purification apparatus. 

45 [0156] The exhaust gas was charged via the exhaust 
gas introductory path 37 fomied by the outer wall of the 
exhaust tube 34 and the inner wall of the metal case, 
passed through the second honeycomb section 10 al- 
lowed to function as the catalytic body for converting NO 

50 to NO2, and the first honeycomb section 11 allowed to 
function as the filter for trapping and removing the par- 
ticulate material, and purified. Then, pressure loss of the 
first honeycomb section 11 allowed to function as the 
filter was largerby three times or more as compared with 

55 the honeycomb structural body of Example 1 , and the 
exhaust gas purification apparatus did not sufficiently 
function. It is to be noted that the arrows in FIG. 21 in- 
dicate the proceeding direction of the exhaust gas. 
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Example 4 

[01 57] First, as the ceramic raw materials, the first ce- 
ramic raw material and second ceramic raw material 
formed of the cordierite materials having different char- 
acteristics after fired were prepared. 
[01 58] Next, the respective ceramic raw materials to- 
gether with water used as the medium were fed into the 
different vacuum pug mitipug mills to knead and mold 
the respective ceramic raw materials with water, and the 
puddle having a columnar shape with a diameter of 150 
mm and formed of the first ceramic raw material, and 
the puddle having the flat plate shape with a width of 
475 mm and thickness of 40 mm and fomned of the sec- 
ond ceramic raw material were obtained, 
[0159] Next, the puddle having the flat plate shape 
and formed of the second ceramic raw material was 
wound around the puddle having the columnar shape 
and formed of the first ceramic raw. material to prepare 
the integrated composite puddle. 
[01 60] Subsequently, the obtained columnar compos- 
ite puddle was put into the ram type extruder in which 
the dies different in the cell structure were disposed in 
the middle portion having a diameter of 1 20 mm and the 
outer peripheral portion. The extrusion molding was car- 
ried out to prepare the molded body In which the first 
honeycomb section formed of the first ceramic raw ma- 
terial was disposed in the middle portion concentric with 
the honeycomb structural body and having a diameter 
of 120 mm and the second honeycomb section formed 
of the second ceramic raw material was disposed in the 
outer peripheral portion disposed adjacent to the middle 
portion. 

[0161] Next, the obtained molded body was dried by 
the hot air and microwave, and subsequently the 
through channels of the first honeycomb section dis- 
posed in the middle portion were alternately plugged at 
the opposite ends through which the holes extend, and 
fired. 

[0162] Next, one end of the obtained fired body was 
cut, the columnar convex structure concentric with the 
honeycomb structural body and having an outer diam- 
eter of 120 mm and height of 50 mm was disposed fac- 
ing to the first honeycomb section, and the outer periph- 
eral side surface of the convex structure was coated with 
a cement material. 

[0163] Next, the catalyst containing Pt as the major 
component was loaded on the partition walls of the sec- 
ond honeycomb section disposed in the outer peripheral 
portion to obtain the columnar honeycomb structural 
body including the convex structure on one end and hav- 
ing a length of 203 mm, diameter of 190 mm. 
[0164] The characteristics of the obtained honey- 
comb structural body were checked. The first honey- 
comb section disposed in the middle portion had an av- 
erage pore diameter of 30 \im, water absorption of 91 %, 
porosity of 70%, partition wall thickness of 0.25 mm, and 
cell density of 0.465 cell/mm2 (300 cells/square inch), 



and the sectional shape of the through channel in the 
diametric direction was quadrangular. The second hon- 
eycomb section disposed in the outer peripheral portion 
had an average pore diameter of 5 am, water absorption 

5 of 17%, porosity of 30%, partition wall thickness of 0.1 
mm, and cell density of 0.93 cell/mm^ (600 cells/square 
inch), and the sectional shape of the through channel in 
the diametric direction was quadrangular. 
[0165] Moreover, as shown in FIG. 13, the exhaust 

10 tube disposed inside the metal case (for the 2400 cc die- 
sel engine) was connected to the convex structure 8 of 
the honeycomb structural body 1 via a non-intumes- 
centintumescent ceramic mat 36 formed of a mullite fib- 
er to prepare the canning structural body 41 . 

15 [0166] The canning structural body 41 was used as 
the exhaust gas purification apparatus. Then, the ex- 
haust gas passed through the second honeycomb sec- 
tion (functioning as the catalytic body for converting NO 
to NO2) 11 disposed in the outer peripheral portion, and 

20 the first honeycomb section (functioning as the filler for 
trapping and removing the particulate material in the ex- 
haust gas) 10 disposed in the middle portion in order 
without leaking from the desired channel. Then,' the su- 
perior exhaust gas purification performance was recog- 

25 nized. Moreover, when the canning structural body 41 
was subjected to a heat vibration test, the displacement 
of the exhaust tube 34, the damages of the honeycomb 
structural body 1 , or the like was not recognized at all. 
It is to be noted that arrows in FIG. 13 indicate the pro- 

30 ceeding direction of the exhaust gas. 

Example 5 

[0167] First, as the ceramic raw materials, the first ce- 

35 ramie raw material and second ceramic raw material 
formed of the silicon carbide materials having the differ- 
ent characteristics after fired were prepared. 
[0168] Next, the respective ceramic raw materials to- 
gether with water used as the medium were fed into the 

40 different vacuum pug mills to knead and moid the re- 
spective ceramic raw materials with water, and the pud- 
dle having a columnar shape with a diameter of 90 mm 
and formed of the first ceramic raw material, and the 
puddle having the flat plate shape with a width of 283 

45 mm and thickness of 27 mm and formed of the second 
ceramic raw material were obtained. 
[0169] Next, the puddle having the flat plate shape 
and formed of the second ceramic raw material was 
wound around the puddle having the columnar shape 

50 and formed of the first ceramic raw material to prepare 
the integrated composite puddle. 
[0170] Subsequently, the obtained columnarcompos- 
ite puddle was put into the ram type extruder in which 
the dies different in the cell structure were disposed In 

55 the middle portion having a diameter of 90 mm and the 
outer peripheral portion. The extrusion molding was car- 
ried out to prepare the molded body in which the first 
honeycomb section formed of the first ceramic raw ma- 
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terial was disposed in Ihe middle portion concentric with 
the honeycomb structural body and having a dianneter 
of 90 mm and the second honeycomb section formed of 
the second ceramic raw material was disposed in the 
outer peripheral portion disposed adjacent to the middle 5 
portion. 

[0171] Nexl, the obtained molded body was dried by 
the hot air and microwave, and subsequently the 
through channels of the first honeycomb section dis- 
posed in the middle portion were alternately plugged at io 
the opposite ends through which the holes extend, and 
fired. 

[0172] Next, one end of the obtained molded body 
was cut, the columnar concave structure concentric with 
the honeycomb structural body and having an outer di- is 
ameter of 90 mm and depth of 40 mm was disposed 
facing to the first honeycomb section in the middle por- 
tion of the end, and the inner peripheral side surface of 
the concave structure was coated with the cement ma- 
terial. 20 
[0173] Next, the catalyst containing Pt as the major 
component was loaded on the partition walls of the sec- 
ond honeycomb section disposed In the outer peripheral 
portion to obtain the honeycomb structural body includ- 
ing the concave structure in one end and having a length 25 
of 152 mm, diameter of 144 mm. 
[0174] The characteristics of the obtained honey- 
comb structural body were checl<ed. The first honey- 
comb section formed of the first ceramic raw material 
had an average pore diameter of 10 \im, porosity of 30 
45%, water absorption of 27%, partition wall thickness 
of 0.3 mm. and cell density of 0.31 0 cell/mm^ (200 cells/ 
square Inch), and the sectional shape of the through 
channel in the diametric direction was quadrangular. 
The second honeycomb section formed of the second 35 
ceramic raw material had an average pore diameter of 
4 p.m. water absorption of 20%, porosity of 9%, partition 
wall thickness of 0.15 mm, and cell density of 0.620 cell/ 
mm2 (400 cells/square inch), and the sectional shape of 
the through channel in the diametric direction was hex- 40 
agonal. 

[0175] Moreover, as shown in FIG. 14. the exhaust 
tube disposed inside the metal case (f orthe 3000 cc die- 
sel engine) was connected to the concave structure 8 
of the honeycombstructuralbody 1 viathenon-lntumes- 45 
cent ceramic mat 36 formed of the mullite fiber to pre- 
pare the canning structural body 41 . 
[0176] The canning structural body 41 was used as 
the exhaust gas purification apparatus. Then, the ex- 
haust gas passed through the second honeycomb sec- so 
tion (functioning as the catalytic body for converting NO 
to NO2) 1.1 disposed in the outer peripheral portion, and 
the first honeycomb section (functioning as the filter for 
trapping and removing the particulate material in the ex- 
haust gas) 10 disposed In the middle portion in order ss 
without leaking from the desired channel. Then, the su- 
perior exhaust gas purification performance was recog- 
nized. 
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[0177] Moreover, when the canning structural body 41 
was subjected to the heat vibration test, the displace- 
ment of the exhaust tube 34, the damages of the hon- 
eycomb structural body 1 , orthe like was not recognized 
at all. It Is to be noted that arrows in FIG. 14 indicate the 
proceeding direction of the exhaust gas. 

Example 6 

[01 78] The honeycomb structural body was obtained 
in the same manner as in Example except that one 
end of the molded body obtained by the extrusion mold- 
ing in Example 1 was cut to dispose the convex structure 
having the tapered shape concentric with the honey- 
comb structural body including a slope whose inclination 
was 40 degrees (angle of the tip end held by the slope 
was 100 degrees) and including the planar portion with 
a diameter of 80 mm in the tip end and that the outer 
peripheral side surface of the convex structure was not 
coated with a cement material. 

[0179] Moreover, as shown in FIG. 15, for the slope 
23 of the convex structure 6 disposed in the honeycomb 
structural body 1 , the exhaust tube (for the 3000 cc die- 
sel engine) 34 having a spreading shape whose end 35 
was bent along the Inclination of the slope 23 and having 
an inner diameter of 1 20 mm was allowed to abut on the 
first honeycomb section (having a diameter of 120 mm 
and formed of the first ceramic material) 1 0 disposed in 
the middle portion of the honeycomb structural body 1 
to prepare the canning structural body 41 . 
[0180] The canning structural body 41 was used. 
Then, the exhaust gas passed through the second hon- 
eycomb section (functioning as the catalytic body for 
converting NO to NO2) 11 disposed In the outer periph- 
eral portion, and the first honeycomb section (function- 
ing as the filter for trapping and removing the particulate 
material In the exhaust gas) 10 disposed In the middle 
portion in order without leaking from the desired chan- 
nel. Then, the superior exhaust gas purification perform- 
ance was recognized. Moreover, when the canning 
structural body 41 was subjected to the heat vibration 
test, the displacement of the exhaust tube, the damages 
of the honeycomb structural body 1 , or the like was not 
recognized at all. It is to be noted that anrows in FIG. 15 
Indicate the proceeding direction of the exhaust gas. 

Comparative Example 2 

[0181] The honeycomb structural body and the ex- 
haust gas purification apparatus were obtained in the 
same manner as in Example 4 except that the convex 
or concave structure was not disposed in either of the 
opposite ends through which the through channels ex- 
tended. 

[0182] When the obtained exhaust gas purification 
apparatus was used, any problem did not especially oc- 
cur in a first stage of the use. However, when the heat 
vibration test was carried out, the leak of a part of the 
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exhaust gas on the side of an exhaust gas exhaust path 
from the exhaust gas introductory path was recognized. 
Moreover, when the displacement of the exhaust tube 
was recognized after the heat vibration test, a displace- 
ment of 3 mm was recognized. 

[01 83] The present invention has concretely been de- 
scribed above, but the present invention can variously 
be changed, modified, and improved based on knowl- 
edge of a person skilled in the art without departing from 
the. scope. 

Industrial Applicability 

[0184] As described above, according to the present 
invention, there can be provided a honeycomb structural 
body which can fulfill different high performances as re- 
quested for each honeycomb section and in which any 
local stress concentration by shape mismatch of each 
honeycomb section or presence of a bond material does 
not occur and which is high in reliability at the time of 
use, and the like. Moreover, according to the present 
invention, there can be provided a honeycomb structural 
body and canning structural body in which to impart dif- 
ferent functions for each honeycomb section, fluids such 
as exhaust gas is charged into a desired portion without 
leaking to a path other than a desired path even by the 
use for a long time and which can fulfill high perform- 
ances of exhaust gas purification, heat exchange, and 
the like. Furthermore, according to the present inven- 
tion, there can be provided a manufacturing method in 
which the honeycomb structural body having the supe- 
rior :characteristics can be manufactured by a simple 
and-secure process at low cost 

[0185] It is to be noted that the honeycomb structural 
body and canning structural body of the present inven- 
tion can preferably be applied especially to an exhaust 
gas purification system, heat exchanger, solid electro- 
lytic battery, themnoacoustic engine of an acoustic wave 
cooling apparatus, and the like. 

Claims 

1 . A honeycomb structural body comprising: a plurality 
of through channels fomned by a plurality of partition 
walls in an axial direction. 

characterized in that the honeycomb struc- 
tural body is constituted of a plurality of honeycomb 
sections formed of materials having different char- 
acteristics, and the plurality of honeycomb sections 
are directly bonded to and integrated with one an- 
other. 



the honeycomb structural body; and a second hon- 
eycomb section disposed in an outer peripheral re- 
gion which surrounds the middle region and which 
is disposed adjacent to the middle region. 

5 

3. The honeycomb structural body according to claim 
1 or 2. wherein the plurality of honeycomb sections 
are constituted of materials which are different from 
one another in at least one of porosity, average pore 
diameter, and water absorption. 

4. The honeycomb structural body according to any 
one of claims 1 to 3, wherein the materials consti- 
tuting the plurality of honeycomb sections have a 

^5 porosity of 5 to 80%. 

5. The honeycomb structural body according to any 
one of claims 1 to 4, wherein the materials consti- 
tuting the plurality of honeycomb sections have an 

20 average pore diameter of 0.5 to 1 00 jim. 

6. The honeycomb structural body according to any 
one of claims 1 to 5, wherein the materials consti- 
tuting the plurality of honeycomb sections have a 

25 water absorption of 1 to 95%. 

7. The honeycomb structural body according to any 
one of claims 1 to 6, wherein the honeycomb struc- 
tural body is constituted of a plurality of honeycomb 

30 sections which differ in at least one of cell structures 
such as cell density, partition wall thickness, and 
sectional shape in the through channels in a dia- 
metric direction. 

35 8. The honeycomb structural body according to any 
one of claims 1 to 7, wherein the plurality of honey- 
comb sections different in the cell structure are dis- 
posed substantially facing to the plurality of honey- 
comb sections formed of the materials having the 
^0 different characteristics. 

9. The honeycomb structural body according to claim 
1 or 8, wherein the plurality of honeycomb sections 
have a cell density of 0.1 55 to 3.1 01 cells/mm^ (100 

45 to 2000 cells/square Inch). 

10. The honeycomb structural body according to any 
one of claims 1 to 9, wherein the partition walls of 
the plurality of honeycomb sections have a thick- 

50 ness of 25 to 500 fim. 

11. The honeycomb structural body according to any 
one of claims 1 to 10. wherein the material consti- 
tuting the plurality of honeycomb sections is at least 
one selected from a group consisting of cordierite, 
silicon carbide, silicon nitride, alumina, mullite, lith- 
ium aluminum silicate, aluminum titanate, and zir- 
conia. 



2. The honeycomb structural body according to claim 
1, wherein the plurality of honeycomb sections 55 
formed of the materials which have different char- 
acteristics comprise: a first honeycomb section dis- 
posed in a middle region including a center axis of 



35 8. 
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12. The honeycomb structural body according to any 
one of claims 1 to 11, wherein some of the plurality 
of honeycomb sections carry a metal having a cat- 
alytic capability on the partition walls. 

13. The honeycomb structural body according to any 
one of claims 1 to 1 2. wherein some of the plurality 
of honeycomb sections include an adsorption layer 
tor adsorbing hydrocarbon on the partition walls. 

14. The honeycomb structural body according to any 
one of claims 1 to 13. wherein some of the plurality 
of honeycomb sections include partition walls hav- 
ing filter capabilities, and for the through channels 
formed by the partition walls having the fitter capa- 
bilities, in opposite ends through which the through 
channels, predetemnined through channels are 
plugged at one end, and the remaining through 
channels are plugged at the other end. 

15. The honeycomb structural body according to claim 
14, for use as a filter for trapping and removing par- 
ticulate materials included in a dust-containlngfluid. 

16. The honeycomb structural body according to any 
one of claims 1 to 15, wherein at least one end 
through which the through channels extend in- 
cludes a convex structure or a concave structure. 

17. The honeycomb structural body according to claim 
16, wherein the convex structure or the concave 
structure Is disposed in an outer peripheral portion 
or a middle portion of at least one end through which 
the through channels extend. 

18. The honeycomb structural body according to claim 
1 6 or 1 7, wherein a step of the convex structure has 
a size of 2 mm or more, and the size is not more 
than a diameter in a root position in the convex 
structure. 

19. The honeycomb structural body according to claim 
16 or 17, wherein a step of the concave structure 
has a size of 2 mm or more, and the size is not more 
than an inner diameter in a bottom position In the 
concave structure. 

20. The honeycomb structural body according to any 
one of claims 1 6 to 1 9, wherein the convex structure 
or the concave structure has a tapered shape. 

21. The honeycomb structural body according to claim 
20, wherein the convex structure having the tapered 
shape includes a planar portion in a tip end. 

22. The honeycomb structural body according to claim 
20, wherein the concave structure having the ta- 
pered shape includes a planar portion in a bottom. 



23. The honeycomb structural body according to any 
one of claims 20 to 22, wherein the convex structure 
or the concave structure having the tapered shape 
is disposed in one end through which the through 
ctiannels extend, and the convex structure or the 
concave structure whose sectional shape of a dia- 
metric direction is polygonal or circular is disposed 
in the other end through which the through channels 
extend. 



10 



20 



24. The honeycomb structural body according to any 
one of claims 1 6 to 23, wherein an outer peripheral 
side surface of the convex structure disposed in the 
end, or an inner peripheral side surface of the con- 
cave structure disposed in the end is coated with a 
ceramic material. 

25. Acanning structural body comprising: a honeycomb 
structural body in which a plurality of through chan- 
nels are formed by a plurality of partition walls in an 
axial direction; and a case in which the honeycomb 
structural body Is held and which includes an ex- 
haust tube disposed facing to a part of the honey- 
comb structural body, 

characterized in that the honeycomb struc- 
tural body includes a convex structure or a concave 
structure in at least one end through which the 
through channels extend, and the exhaust tube is 
attached to a portion including the convex structure 
30 or the concave structure in the end. 

26. The canning structural body according to claim 25, 
wherein the exhaust tube is aUached to the end in- 
cluding the convex structure or the concave slruc- 

35 ture via a holding material. 



27. The canning structural body according to claim 25 
or 26, wherein the convex structure or the concave 
structure is disposed in an outer peripheral portion 
or middle portion of at least one end through which 
the through channels extend. 



40 



28. The canning structural body according to any one 
of claims 25 to 27. wherein a step in the convex 

45 structure has a size of 2 mm or more, and the size 
is not more than a diameter of the convex structure 
in a root position. 

29. The canning structural body according to any one 
50 of claims 25 to 27, wherein a step in the concave 

structure has a size of 2 mm or more, and the size 
is not more than an inner diameter of the concave 
structure in a bottom position. . 

55 30. The canning structural body according to any one 
of claims 25 to 29, wherein the convex structure or 
the concave structure has a tapered shape. 
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31. The canning structural body according to claim 30, 
wherein the convex structure having the tapered 
shape includes a planar portion in a tip end. 

32. The canning structural body according to claim 30, 
wherein the concave structure having the tapered 
shape includes a planar portion in a bottom portion. 

33. The canning structural body according to any one 
of claims 30 to 32, wherein the convex structure or 

. the concave structure having the tapered shape Is 
-disposed In one end through which the through 
-Channels extend, and the convex structure or the 
•concave structure whose sectional shape of a dia- 
metric direction is the same in an axial direction 
such as a prismatic shape and a columnar shape is 
disposed in the other end through which the through 
channels extend. 

34. The canning structural body according to any one 
of claims 30 to 33, wherein an end of the exhaust 
tube has a spreading shape or a narrowing shape 
substantially extending along a slope of the convex 
structure or the concave structure having the ta- 
pered shape. 

35. The canning structural body according to any one 
of claims 25 to 34, wherein an outer peripheral side 
surface of the convex structure disposed in the end 
of the honeycomb structural body, or an inner pe- 
ripheral side surface of the concave structure is 
coated with a ceramic material. 

36. The canning structural body according to any one 
of claims 25 to 35, wherein the material constituting 
the honeycomb structural body is at least one se- 
lected from a group consisting of cordierite, silicon 
carbide, silicon nitride, alumina, mulilte, lithium alu- 
minum silicate, aluminum titanate, and zirconia. 

37. The canning structural body according to any one 
of claims 25 to 36, wherein the honeycomb struc- 
tural body is constituted of a plurality of honeycomb 
sections fomned of materials which have different 
characteristics. 

38. The canning structural body according to claim 37, 
wherein the material characteristic which differs 
with the plurality of honeycomb sections is at least 
one of porosity, average pore diameter, and water 
absorption. 

39. The canning structural body according to any one 
of claims 25 to 38, wherein the honeycomb struc- 
tural body Is constituted of a plurality of honeycomb 
sections having different cell structures. 

40. The canning structural body according to claim 39, 



wherein the cell structure which differs with the plu- 
rality of honeycomb sections is at least one of cell 
density, partition wall thickness, and sectional 
shape of a diametric direction in the through chan- 
5 nel. 

41. The canning structural body according to claim 39 
or 40, wherein the plurality of honeycomb sections 
including the different cell structures are disposed 

10 substantially facing to the plurality of honeycomb 
sections fomned of the materials having the different 
characteristics. 

42. The canning structural body according to any one 
'5 of claims 37 to 41 , wherein the plurality of honey- 
comb sections are directly bonded to and integrated 
with one another. 

43. The canning structural body according to any one 
^0 of claims 37 to 42, wherein some of the plurality of 

honeycomb sections carry a metal having a catalyt- 
ic capability in the partition walls. 

44. The canning structural body according to any one 
of claims 37 to 43, wherein some of the plurality of 
honeycomb sections include an adsorption layer for 
adsorbing hydrocarbon on the partition walls. 

45. The canning structural body according to any one 
^0 of claims 37 to 44, wherein some of the plurality of 

honeycomb sections are constituted of the partition 
walls having filter capabilities, and for the through 
channels formed by the partition walls having the 
filler capabilities, in opposite ends through which 
5 the through channels extend, the predetennined 
through channels are plugged at one end, and the 
remaining through channels are plugged at the oth- 
er end. 

40 46.'The canning structural body according to claim 45 , 
wherein some of the plurality of honeycomb sec- 
tions are used as a filter for trapping and removing 
particulate materials included in a dust-containing 
fluid. 

45 

47. The canning structural body according to any one 
of claims 25 to 46, wherein the case further com- 
prises: a channel change member which changes 
a channel of a fluid which has flown out of one hon- 

50 eycomb section to charge the fluid Into another hon- 
eycomb section. 

48. A method of manufacturing a honeycomb structural 
body, by kneading a raw material mainly containing 

55 a ceramic material with a medium to obtain puddle, 
and extmsion molding the puddle to obtain the hon- 
eycomb structural body, 

characterized in that the method comprises 
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the steps of: 

using a plurality of raw materials having differ- 
ent characteristics after fired as the raw mate- 
rial mainly containing the ceramic material; s 
l^neading the plurality of raw materials with the 
medium in different kneading mechanisms to 
obtain a plurality of puddles having different 
characteristics after fired; and 
guiding the plurality of puddles into different po- 10 
sitions of a die, and simultaneously extruding 
the plurality of puddles. 

49. The method of manufacturing the honeycomb struc- 
tural body according to claim 48, further comprising 15 
the steps of: guiding composite puddle obtained by 
integrating the plurality of puddles Into the die; and 
simultaneously extruding the plurality of puddles. 

50. The method of manufacturing the honeycomb struc- 20 
turat body according to claim 48 or 49, wherein the 
composite puddle is obtained by disposing at least 
one or more other puddles having characteristics 
after fired different from those of one puddle around 
the one puddle formed of one material. 2s 

51 . The method of manufacturing the honeycomb struc- 
tural body according lo claim 48, further comprising 
the steps of: guiding the plurality of puddles into the 
different positions of the die by different extrusion so 
mechanisms to simultaneously extrude the pud- 
dles. 

52. The method of manufacturing the honeycomb struc- 
tural body according to claim 51 , wherein the extru- 35 
sion mechanism is a screw type extrusion mecha- 
nism which continuously carries out a series of the 
kneading of the raw material mainly containing the 
ceramic material with the medium and the extrusion 

of the puddle obtained by the kneading. 4o 

53. The method of manufacturing the honeycomb struc- 
tural body according to any one of claims 48 to 52, 
wherein the plurality of raw materials differ in at 
least one of the characteristics after fired, such as 45 
a porosity, an average pore diameter, and a water 
absorption. 

54. The method of manufacturing the honeycomb struc- 
tural body according to any one of claims 48 to 53. so 
wherein for the die. at least one of a cell block pitch, 

a slit width, and a sectional shape of a cell block in 
a direction vertical to an extruding direction sub- 
stantially differs with each portion into which the re- 
spective puddles having the different characteris- ss 
tics after fired are charged. 
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